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METHOD FOR ELIMINATING DEFECTS IN SILICON ELEMENTS THROUGH 

SELECTIVE ETCHING 



The present invention rel; 



present invention relates to a method for eliminating 
eruptions, impurities, and/or damage in the crystal lattice by 
selectively etching silicon elements, in particular of 
surface-plated parts of a silicon /tt&f , ar^e ording to the 
-<^-f i n it -io rf — opee-i es — in Claim -1 . 

iJacKground liiloi mat ±011 

A-kaewa— method for producing silicon power diodes is to cut a 

number of individual diodes from a silicon wafer that has been 

doped on both sides with an n- or p-type dopant in full- 

surface doping steps to generate a pn junction and 

subsequently plated all over on both sides, by first sawing 

the entire wafer into squares or hexagons measuring roughly 5 

"x 5 mm 2 and then suitably building up and electrically bonding 

such individual silicon surface diodes. The silicon wafer is 

<* C\ <\i/Q k 'lab /<- Atann^C 

.dope^d and plated i n ^ma nnpr ^nat -i <^ fr^^rr^ -. ^ x with the 

surface plating layer being made, for example, of a chromium- 
nickel-vanadium-silver alloy (CrNiVAg) . 

The sawing step, which is necessary ^^^g^duce individual 
-diodes from the silicon wafer , ' uTLil Ai iujju11 l» in irregular 
eruptions on the sawn edge or impurities and damage in the 
crystal lattice so that the pn junctions in the sawn-out 
individual diodes are partially or regionally damaged. This 
damage then leads to higher leakage currents, which, in the 
end, renders the created diode unusable at this stage. 

Therefore, in J^nowa methods for producing silicon power diodes 
of this type, the sawing step must be followed by a wet- 
chemical overetching of the diodes, thus stripping the damaged 
silicon areas and restoring a suitably intact crystal lattice 
in the pn junction region. 



The chemical etch- stripping of the damaged silicon areas 



followed by passivation of the exposed silicon edge to 
protect the pn junctions against environmental influences and 
to reliably prevent the electronic properties from again 
* deteriorating over the life of the diode. (The ' laLL^i' object i-srr 
**llto4f I T it . i i .iJ In in , j i si fa IfiY Q^-h y t-hn rnlntnH ai;t. 

However, ithera are at present no satisfactory means of etch- 

r Tfo Av* blc 

stripping the damaged silicon areas at the sawn edge. Ttrcr wet- 

A- 

chemical etching method frequently imed today results, for 
-example, in unfavorable etching profiles with greater risk of 
electrical breakdown, due to its pronounced doping 
selectivity, as well as in disadvantageous yields, due to 
occasional rejects during etching. In addition, the etching 
profile produced by wet-chemical etching also reduces the 
diode's mechanical stability. 

Furthermore, according to the ^iirrnnM y knowia methods, only 
the fully mounted diodes are exposed to the aqueous etching 
solution, which involves expensive handling of the individual 
diodes. To summarize, therefore, the ^ethoas known f£pro-fete 
-r^l atod nrti for overetching silicon elements sawn out of a 
silicon wafer dgscribo d by the following process steps: 

Wet-chemical etching of the sawn-out silicon elements, i.e., 
diodes, mounting of the diodes, immersion of the mounted 
diodes in etching baskets into etching basins, neutralization 
of the etching solution, and subsequent thorough rinsing and 
drying of the diodes . 

The agents needed for |frfe e known method are an etching 
/solution, a neutralization solution, and hydrogen peroxide, 
resulting in serious environmental pollution due to the 
materials used as well as high energy consumption and the use 
of de-ionized water. Thus, wet-etching takes place, for 



example, at temperatures above 90 °C, and a rinsing cascade is 
needed for subsequent cleaning of the etched, mounted diodes. 



S&^mpto of fu^ Jfm r\Tt <>o 

■ Advan t ages o f Mno — invenfe-irgn 



The [uetr h od ac s od ding to the procont — invention" having tho . 
" ^^a^j^t^ri^ flg features of the main ulalltr ha - a tho advantage . 
(^e^^the^ related art ± - hat i± — ran b Q iiFrprl Q 1~^h Rilir^-p 
elements, in particular surface-plated, sawn-out parts of a 
10 silicon wafer, using a gaseous etching medium that selectively 
etches almost exclusively silicon through a chemical reaction, 
thus producing gaseous reaction products. During this 
selective etching process, surface eruptions and/or 
Q impurities, and/or damage in the crystal lattice of the 

5r5 silicon element,, in particular, are eliminated at the same 



U 

o 
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time. The ^m^ti^ee^ according to the present invention is ^urtnbi^ f-l/rtK^e/ 
advantageously suitable for stripping damaged silicon zones, 
in particular of sawn-out silicon elements, like those that 
occur, for example, when producing silicon power diodes. It is 
reliable, economical, and overcomes the knowa disadvantages of 
fluid etching media. 



. methoA according tc 



One particular advantage is that the ^et'hoA according to the 
present invention is a "batch process", i.e., a process on the 
25 wafer level. Thus, one particular advantage is that the 

individual chips do not need to be handled, which means that 
all sawn-out silicon elements, i.e., chips, of a wafer can be 
etched simultaneously, which saves a great deal of space and 
requires only one process ste^, i.e., handling step. If 
3 0 necessary, the ^atf^^cV^ing to the present invention can 
also be used to overetch fully mounted individual diodes, as 
is currently the case. In doing this, it is necessary only to 
replace the wet -etching process that is known per se with an 
etching process using a gaseous etching medium. 



A further advantage is that the / &&&&&&r according to the 
present invention for selective etching does not use a fluid, 

3 



thus achieving a clean gas-phase etching of the silicon 
elements Jihat have i been, in particular, sawn out. Moreover, 
the ^«e-Wrod? according to the present invention is also less 
selective toward doping concentrations, resulting in 
advantageous etched edge profiles and, in particular, prevents 
a "boron balcony" from forming on the sawn-out and overetched 
diodes, at the same time increasing mechanical stability and 
deducing failure rates. 

VS bei v e>d 4-6 e 

Another g nfoa t advantage 4-sr the selective removal of damaged 
silicon zones, eruptions' or impurities, .as well as the 
planarizmg effect of the "^ethocr according to the present 
invention. Due to the high selectivity of the gaseous etching 
medium used and the chemical reaction that this produces on 
the surface of the silicon element, and particularly due to 
the selectivity of this reaction on damage in these zones, it 
is possible to etch-strip significantly more material, with 
damaged areas automatically undergoing more aggressive 
etching, particularly in the edge areas of the sawn-out 
silicon elements. 



^ wnfnjnrmp pmhnH^PT] ^ of t ;]n^ pr-^gpini- — in vention are provi ded 
by the — feaLmes mentioned m tne subclaims : 

Thus, the ^Ul^Lhuta- according to the present invention offers the 
advantage that the etching rates can be selectively adjusted, 
for example via the composition of the gaseous etching medium. 
This makes it possible to set, if necessary, low etch- 
stripping rates, thereby increasing reproducibility and thus 
reducing overall process time. However, it is also possible to 
set very high etching rates, particularly when using chlorine 
trifluoride or bromine trifluoride, and thus significantly 
shorten the actual etching time. 



: laaeEboefc according tc 



The very high selectivity of the laaeEboefc according to the 
present invention toward non-silicon materials is due to a 
surface-catalytic initiation of the etching reaction, so that 



a large number of materials are also advantageously suitable 
for use as the etching mask. 

For example, even a surface-plating of the silicon wafer, 
which serves as the later diode plating, can be used as the 
etching mask while etching with the gaseous etching medium 
without this plating itself being significantly corroded. 
Another advantage in this regard is that a sawing sheet used 
and an adhesion layer provided between this sawing sheet and 
the silicon wafer attached to it are also not significantly 
corroded, due to the high selectivity of the etching medium 
toward non-silicon materials. Furthermore, an additional 
lacquer layer can be advantageously applied all over in a 
manner that is known per se, for example by spin-coating, thus 
further protecting the surface plating of the silicon wafer. 



In the case of the interhalogen or fluorine 
compounds suitable for the ™ebea according 



je-noble gas 
Lng to the present 
- invention, suitable process conditions further ensure that no 
free chlorine, bromine or iodine occurs, leaving only a very, 
low risk of corrosion after completion of the etching process. 

Further advantages of the ^jpetbeet according to the present 
invention include low energy consumption because there is no 
need to heat, for example, the diodes or etching baths, low 
chemical consumption, and environmental compatibility. For 
example, any waste gases produced can be very easily disposed 
of without harmful effects through after-treatment, 
jeliminating hazardous waste. An ^ran^^rrp^ g i y mn . tnTH r method 
i ^s to wash * the Waste gases in lime water, i.e., an aqueous 
calcium hydroxide solution in a "gas washer" (Ca(OH) 2 + 2HF -> 
CaF 2 >l + 2 H 2 0) . 



Chlorine trifluoride, bromine trifluoride, iodine 

pentaf luoride , or xenon difluoride that are in a gaseous state 

or have been converted to the gaseous phase, or a mixture of 
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these compounds, are particularly suitable as the etching 
medium. In this case, silicon tetraf luoride , for example, is 
produced as the reaction product. 

- of EaibuJiuLcn L ^ 

TK^method^ according to the present — i-nvent-i-en for eliminating 

eruptions, impurities, or damage in the crystal lattice of 

silicon elements by selective etching of silicon generally 

•makes use of the characteristic of certain fluorine compounds, 

■known as interhalogens or fluorine -noble gas compounds, to 

spontaneously etch silicon, i.e., through contact between the 

fluorine compound and silicon, where this etching action takes 

place from the gaseous phase, and gaseous reaction products 

.are produced. To do this, a gaseous silicon-etching fluorine 

Of 1 00/ 

. compound, for example, is supplied to a reaction chamber erf a» 
; ^r t5QQtor that- kn o wn per ce , in which the silicon elements to 
be etched were previously placed. Adsorption of the gas 
molecules of the gaseous etching medium on the accessible 
silicon surfaces results in spontaneous, surface-catalytic 
■ fragmentation of the etching medium used, thus releasing 
fluorine radicals that react with the silicon to form a 
volatile product, for example SiF x (x = 2, 3, 4). The best 
known product of a reaction of this type is, for example, 
stable silicon tetraf luoride SiF 4 . The mechanism, wi^ieli— is 
known por - <r jte , can be described as follows, where X is Cl, Br, 
I or Xe, and n is the number of fluorine atoms in the 
particular compound : 

1. Adsorption: JCF n -> XF^ dsorb 

2. Surface-catalytic decomposition: XF" dsorb — > XF° d * orb + F > adsorh 

3. Chemical transformation: Si+ x F* Msorb -> SiF x (x = 1, 2, 3, 4) 
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4. Desorption of reaction products: SiF x -> SiF x t (x = 2, 3, 4) 

in particular : Si + AF* adsorb -> siF, t 

Examples of suitable compounds of the XF n type are the 
interhalogen compounds chlorine trifluoride, bromine 
trifluoride and iodine pentaf luoride , as well as the noble gas 
fluoride xenon difluoride. The chlorine trifluoride and 
• bromine trifluoride compounds are imt ^n — in the 
semiconductor industry, where they are ^ommejiily used to clean 
wafers or wafer handling devices. 

While chlorine trifluoride and bromine trifluoride are liquids 
with a vapor pressure of 1 bar at 150 °C, iodine pentaf luoride 
is a semiliquid, and xenon difluoride is a solid with a vapor 
pressure of approximately 20 mbar and 2 mbar, respectively, at 
15°C. Thus chorine trifluoride and bromine trifluoride can be 
taken directly from a gas bottle, due to their high vapor 
pressure, while iodine pentaf luoride and xenon difluoride must 
first be converted to the gaseous phase, using a suitable 
vaporizing apparatus, preferably at an elevated temperature. 
.•When using the liquid iodine pentaf luoride , if is pr a f ^rab1 Q 
trer uaja a "bubbler" , j yn which 'the liquid is "bubbled" with an 
inert gas, for example helium, as the carrier gas, and the gas 
mixture is then supplied to the reaction chamber. 

In the case of the interhalogen compounds chlorine trifluoride 
and bromine trifluoride, stripping takes place in a first 
reaction step of the etching reaction, in which fluorine 
radicals are released to form stabile chorine fluoride (GIF) 
and unstable bromine fluoride (BrF) , respectively, with two 
fluorine radicals being generated in each case. 

In the case of iodine pentaf luoride , the medium is first 
converted to the relatively stable iodine trifluoride, and in 
the case of the noble gas fluoride xenon difluoride, 
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elementary xenon is formed in addition to the two fluorine 
radicals . 



exemplary H ^x>J 



When carrying out the jft ptho d according to the present 
invention, one embodiment begins with a silicon wafer from 
which silicon power diodes are to be produced, with one side 
of the wafer being doped with an n-type dopant in a manner 
that «i*s — known per - ofc , using an all-over doping step, and the 
other side being doped with a p-type dopant in/gF"*m^rm eir tha £ 
is known per se, using an all-over doping step. A pn- junction 
thus forms over the entire interior of the silicon wafer. 
Afterwards, the wafer that has been pretreated in this manner 
• is provided on both sides ^w ith a a all-over CrNiVAgjjjp^rfe-ixig 
/ that — io known, per oc . 



made 




for example from polyvinyl chloride (PVC) or polycarbonate, 
..using an adhesion layer provided on it, and sawn using 
sa*djag--t^ferhge^1»n a—manner that la known per a - e into oilico a 
elements measuring approximately 5x5 mm 2 and shaped like 
squares or hexagons, with the silicon elements being used as 
silicon power diodes at the end of the manufacturing process. 

After the wafer has been sawn, the sawn-out silicon elements 
produced are first treated, siccor din g— 1£*» tne present 1 
invention, while still attached to the sawing sheet, which 
means that no individual chips are yet produced at this stage, 
but only an entire unit of sawn-out silicon elements. 

To ensure mechanical stability, the edge of the sawing sheet 
rr\4x k><+ 

- is preferably clamped in a fixed frame during sawing and 

during the course of the remaining process steps, so that it 

can be gripped with particular ease and treated automatically. 

After the wafer has been sawn, the sawing sheet or - abl y 

A— 

first expanded to increase the distance between the silicon 
elements and thus give the gaseous etching medium used later 

) 

8 



on, for example chorine trifluoride, better access to the side 
walls of the individual sawn-out silicon elements. An 



expansion frame d STproferabl - y used for this purpose, forming a 
stable frame for handling tlie otherwise flexible sawing sheet. 

In any case, it is important to carefully dry the sawn-out 
silicon elements after sawing the silicon wafer and expanding 
the sawing sheet, but before etching. This ensures that no 
moisture enters the reaction chamber of the reactor used later 
to carry out the actual selective etching of the silicon 
elements. 

In doing this, it is advisable to load the sawn-out silicon 
elements that have been placed on the sawing sheet and are 
joined to the wafer into the reaction chamber of the reactor 
using a loading device, such as a load lock, which includes an 
evacuation and heating function, for example a radiation 
heater using corresponding lamps. 

Pumping out the loading device to create a vacuum and 
simultaneously heating the wafer that was sawn into silicon 
elements and is located on the sawing sheet in the loading 
device, for example using a radiation heater, removes remnants 
of moisture particularly efficiently before the wafer that was 
sawn into silicon elements enters the actual reaction chamber 
of the reactor, where the described etching reaction takes 
place after introducing the gaseous etching medium. The 
presence of moisture greatly encourages corrosion effects at 
this stage and is therefore undesirable. 

To release fluorine radicals, the etching gases used require 
surface-catalytic decomposition that takes place only in 
connection with the actual etching reaction with the silicon, 
which means that the etching reaction is extraordinarily 
highly selective with respect to non-silicon materials. As a 
result, the etching conditions can be very easily set, for 
example by selecting a gaseous etching medium and 





concentration so that only the silicon surfaces, but not 
metals or plastics, are significantly corroded by the etching 
chemicals used. 

Thus metal layers, in particular applied surface plating, as 
well as the sawing sheet used fully satisfy the requirements 
that an etching reaction mask must meet to strip only a sawn 
edge damaged during sawing, but not the entire silicon 
surface. If additional protection of the surface plating or 
metal layers against even minor etching corrosion is required, 
this can be easily accomplished by additionally applying, in 
^ pa i b icitl J i — Spin - o ca Liny " a lauquei — laye ¥ that is known per se 
onto preferably the entire surface of the silicon wafer. 

After the sawn silicon wafer, which has been attached to the 
sawing sheet and dried, enters the reaction chamber of the 
reactor, the gaseous etching medium is then introduced into 
this chamber. When using the interhalogen compounds chlorine 
trifluoride or bromine tri fluoride, the medium is introduced 
through flow regulators or throttle valves that are known .per 
se, where the process pressure can range from a low-pressure 
range, i.e., vacuum, to an atmospheric pressure range. Both of 
the gases mentioned can be used, for example, in conjunction 
with a process in the pressure range from 0.1 to 1,000 mbar 
under controlled flow conditions. 

If the process is to take place at higher pressures, it is 
advantageous to dilute the reactive gas with an inert gas, for 
example helium. Diluting the gas with helium by a factor of 10 
to 100 further makes it possible to very easily control the 
etching reaction and the etching rate and reduce the 
aggressiveness of the gaseous etching medium used, which also 
reduces the potential chemical corrosion of gas lines and the 
interior of the reaction chamber. 

By using a diluted inert gas, it is further possible to work 
even at atmospheric pressure by limiting the partial pressure, 
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for example of chlorine trifluoride or bromine trif luoride , to 
a range of some 10 mbar by correspondingly diluting these 
gases with helium, which is still sufficient for maximum 
etching rates, yet also allows the etching process to be 
efficiently controlled through the inflow of the etching 
species . 

When using the noble gas fluoride xenon dif luoride, the latter 
must first be thermally sublimed from a solid source. In this 
case, the process pressure when etching the sawn-out silicon 
elements is thus limited to the vapor pressure of xenon 
dif luoride at the selected working temperature, for example 2 
mbar at 20 °C. 

If iodine pentaf luoride is used as the etching medium, the 
latter must first be converted to the gaseous phase in an 
evaporator, which limits the working pressure to approximately 
20 mbar. Alternatively, however, one can also use a "bubbler" 
to "bubble" the liquid iodine pentaf luoride with an inert gas, 
for example helium, and supply the gas mixture diluted k in this 

got* Ak> \^-> 

manner to the reaction chamber. Both procedures are knowrrpe* 
frp t o tho ri^i nkillprl in the nrt . 

After introducing the gaseous etching medium into the reaction 
chamber, the actual etching of the sawn-out silicon elements 
begins, where specifically the damaged areas in the i 
crystalline structure, known as damage zones , ^ profarably on 
the sawn edge are stripped, and the sawn surfaces are 
planarized . 

The gaseous reaction products produced from the reaction 
between the gaseous etching medium used and the silicon 
surfaces are either pumped away continuously, if a throughflow 
system is used, or accumulate in a reaction chamber that is 
filled once and then closed, until all gaseous substances are 
finally pumped out of the reaction chamber upon completion of 
silicon element etching. 
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In any case, pumping must continue for a sufficiently long 
period, and the discharge pressure during pumping must be low 
enough, ^ga ref drably ^ less than 0.1 //bar, to ensure that the 
reaction chamber no longer contains any leftover etching gas 
before the silicon elements sawn out of the silicon wafer and 
located on the sawing sheet are discharged from the reaction 
chamber of the reactor either through the load lock or via the 
loading device . 



When discharging the elements, it is further suitable to also 
provide a vacuum in the load lock between the reaction chamber 
and the surrounding atmosphere. This vacuum preferably has a 

rg pressure of less than 0.1 /xbar, which can be easily achieved 

^5 by using a turbomolecular pump. 

fU 

j 5 * In doing this, the wafer that has been sawn into silicon 

elements and is attached to the sawing sheet is preferably 
reheated in the load lock after etching, for example using a 



g|0 radiation heater. This removes as much leftover etching 

species as possible before the wafer is removed from the load 



f e Q lock, i.e., leftover gaseous etching medium or leftover 

M gaseous reaction products from the sawn-out, overetched 

silicon elements or from their surfaces affected by etching. 

25 

Leftover media of this type remaining on the surface of the 
silicon element would result in corrosion when exposed to air, 
due to the effect of moisture in the air. 

3 0 After the processed silicon elements have been discharged from 
the reactor, they are finally removed individually from the 
sawing sheet and built up into diodes jn n mnifinp.iy LIiaL i^ 
fexie wn par oe . The silicon edges are then jpassivated in «5y 

^mj um i ul MUI n n lion lrn nW m por c;^ f q Pnoiirfi t Wh rtabll ify nf 

35 the pn junctions and the high performance of the silicon power 
diodes over their life cycles. 
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